Background: Sunless tanning products (STPs) are often seen as "healthy alternative" to sunbathing and indoor tanning. However, STP use may entail indirect risks such as overestimating an individual's natural skin type, resulting in risky (natural and artificial) tanning behavior. We aimed to explore STP use in combination with other health-related risk behaviors (eg, smoking), skin cancer risk, risk awareness of ultraviolet radiation, and preventive behavior.
| INTRODUC TI ON
The use of sunless tanning products (STPs) is a comparably new phenomenon. Scientific publications use several different names to refer to STPs, for instance, fake tanning lotions, 1 ultraviolet (UV)-free tanning products, 2 or self-tanning lotions. 3 Most of these sunless or artificial tanning products contain dihydroxyacetone (DHA), which combines with amino acids in the stratum corneum to stain the skin, producing a color that resembles tanned skin. [4] [5] [6] The use of STPs has become increasingly popular in Northern
American and European countries. An explanation for this development may be the widespread beauty ideal of tanned skin. 7 Since it is well-known that natural and artificial ultraviolet radiation can have severe health consequences (eg, skin cancer 8 ), STPs may be seen as a substitute to sunbathing and indoor tanning and thus a "healthy"
way to achieve a "tanned" skin. 5, 9 Over the past few years, STPs have been effectively promoted by several health organizations (eg, American Academy of Dermatology) as a healthy alternative to sunbathing and indoor tanning. 10 However, it is not clear if STP use is harmless per se. 11, 12 Moreover, it has been shown that STPs are being used rather as an addition than as a substitute to sunbathing and indoor tanning. [13] [14] [15] This parallel use includes the potential risk of overestimating the natural skin tone, which may lead to sunburn and severe skin diseases, as well as the potential risk of a societal renormalization of tanned skin and an accompanying (re-) manifestation of tanned skin as beauty ideal.
Our aims were, first, to identify the prevalence of STP use in a representative nationwide German sample. Second, we aimed to explore STP use in combination with other lifestyle-related risk behaviors, for instance, indoor tanning and smoking. The underlying hypothesis is that such behaviors cluster in specific individuals and that STP use as kind of a lifestyle behavior may be related to other aspects of health-related lifestyle behavior. As described above, especially the parallel use of STPs and tanning beds may have severe health consequences. Third, we aimed to identify, whether STP users are indeed those that are health conscious and use STPs as a "healthy alternative" for achieving a tan.
To examine this aspect, we analyzed the relationship between STP use and the individual risk for skin cancer (eg, having skin type I or II), risk awareness of UV radiation, and participation in skin cancer screening. Our findings will shed some light on the use of STPs against the backdrop of the individual's risk profile.
The results may be useful for future interventions focusing on the decrease in natural and artificial tanning with the aim of reducing skin cancer.
| ME THODS
Data for this manuscript were drawn from the second wave of the National Cancer Aid Monitoring (NCAM) on sunbed use, a representative nationwide study funded by German Cancer
Aid. The NCAM's focus is on monitoring tanning bed use in the German population. [16] [17] [18] The second cross-sectional wave included two questions on STP use. We conducted the second wave between October and December 2016. Based on a sample size calculation, 3000 individuals aged 14 to 45 years were interviewed via telephone (response rate: 27.9%).
Interviewers were personally trained by the authors in advance. Participants were selected using a two-stage approach:
In the first step, a telephone number was selected based on a random algorithm. In the second step, at the household level, the individual whose birthday was next was selected as participant. Detailed information on the data collection can be found in the study protocol. 18 Our nonresponder analysis did not show significant differences between participants and nonparticipants regarding sex, geographic region, and tanning bed use. All participants gave informed consent to participate in the study. Approval was obtained from the Ethics
Committee at the Medical Faculty of Heidelberg University (ANr2007-269E-MA).
| Variables

| Sunless tanning products (STP)
Participants were asked whether they had used spray tan during the last 12 months (yes/no). Additionally, we asked whether tanning lotions or creams were used during the last 12 months (yes/no). If lotions or creams were used, we asked if they were used on the face, on the body, or on the face and body.
| Sociodemographic variables
Besides age and sex, we collected information on immigrant back- 
| Health-related risk behaviors
Participants were asked about smoking of tobacco cigarettes (never/ past/current), use of e-cigarettes (both with and without nicotine: yes/no), use of tanning beds (never/past/current), following a healthy diet in general (yes/no), and physical activity during the last 3 months (yes/no).
| Skin cancer risk factors
We included individual skin type following Fitzpatrick (skin type I or II vs skin type III to VI), having more than 40 nevi (yes/no), and a family history of malignant melanoma (yes/no). All these characteristics are risk factors for developing skin cancer.
| Preventive behavior
As surrogate for preventive behavior concerning skin cancer, we asked participants whether they had ever participated in a skin cancer screening (yes/no).
| Risk awareness of UVR
We asked participants to give their opinion (rather agree/rather disagree) about the following statements: "Each incidence of sunburn leaves permanent damage in the skin.", "Regular use of tanning beds causes premature skin aging", and "Regular use of tanning beds causes skin cancer".
| Analysis
Our analysis included descriptive statistics comparing those who had used STPs during the last 12 months with those who had not.
We used chi² statistics to identify potential statistical differences in sociodemographic and lifestyle characteristics, skin cancer risk, risk awareness, and risk perception. For significant associations, post hoc pair wise comparison following Bonferroni was calculated. Data were weighted by age, sex, education, and federal state so as to be representative for Germany (redressement weight based on German microcensus). A P-value < 0.05 was considered to be significant. All analyses were performed with IBM SPSS Statistics 22.
| RE SULTS
Altogether, 7.5% of participants had used STP during the last 12 months (Figure 1 ). The majority used lotions and creams to "tan" the body. Females were more likely to use STPs compared to males (9.4% vs 5.6%, P < 0.001, Table 1 ). Additionally, those working parttime were more likely to use STPs than those working full-time (10.0% vs 6.6%, P pair wise comparison < 0.05).
We also found an association with health-related risk behaviors:
Individuals who used e-cigarettes were more likely to also use STPs than those who did not use e-cigarettes (9.6% vs 6.9%, P = 0.027). In addition, current tanning bed users showed the highest prevalence of STP use (16.1%) compared to past (9.6%) and never users (5.8%) of tanning beds (P pair wise comparison < 0.05).
With regard to potential risk factors for skin cancer, we found a higher prevalence of STP use among those with a higher individual skin cancer risk (Table 2 ). In addition, we identified a higher prevalence of STP use among those who had participated in skin cancer screening than among those who never participated (9.4% vs 6.4%, P = 0.003). However, we found a higher prevalence of STP use among those who disagreed with potential risks of UVR.
| D ISCUSS I ON
This is one of the first manuscripts focusing on STP use, its associated health-related risk behaviors, risk awareness, and preventive behavior. Having reliable and representative information about these aspects is essential and necessary for assessing the need for future UV prevention strategies and for distilling information about the kind of prevention needed.
| Prevalence and associations with healthrelated risk behaviors
The 1-year prevalence of STP use was comparably low (7.5%), which
indicates that STP use in Germany is a comparably new phenomenon. b pair wise comparison following Bonferroni showed significant differences between part-time and full-time (P < 0.05). c pair wise comparison following Bonferroni showed significant differences between never and past, never and current, past and current (P < 0.05).
in skin cancer screening. Assumed, individuals having a higher skin cancer risk (and being aware of it) and participating in skin cancer screening are more likely to use STPs, the conclusion that "health conscious" individuals predominantly use STPs suggests itself.
Maybe they see STP use as a "healthy alternative" to artificial or natural sun exposure, as it was promoted by several health organizations and the industry itself.
We tried to go a step further and analyzed the relationship between STP use and answers on statements about risk awareness.
Among those, who disagreed with the items that regular use of tanning beds causes premature skin aging and skin cancer, the proportion of STP users was higher compared to those who agreed with the items. This contradicts the preliminary conclusion that STPs are used as a "healthy alternative", because many STP users seem not to be aware of the potential negative health consequences of indoor tanning. Moreover, this contradicts previous studies showing that STP users were more knowledgeable than nonusers about potential adverse health effects of tanning. 
| Implications for future research
Further basic research is still needed to prove whether and how dangerous the use of STPs is. 11 Nevertheless, there are some other aspects that are concerning. First, the fact that users of tanning beds are more likely to be STP users, which were also shown for our large nationwide representative sample, may lead to an intraindividual overestimation of the individual's skin type. This aspect needs to be investigated in future research, because it is conceivable, that individuals who use STPs may tend to think that they have a darker skin tone that allows them to spend longer on tanning beds or outside without using sunscreen. Related to this, it seems important to inform STP users that a tan achieved with STPs does not provide protection from the sun. 24 When looking at the long-term effects, this behavior could even lead to a higher prevalence of skin cancer among STP users.
A second concerning aspect that needs further research is that the use of STPs may lead to a certain renormalization of tanned skin as an accepted social norm. Although the prevalence in our study was slightly lower than in other countries, spray tan studios are comparably new in Germany and in Europe and may develop a market in the next few years. In recent years, there have been several health campaigns and celebrity endorsements in support of making pale skin a beauty ideal. As it becomes easier to create a tanned look using STPs, the aesthetic ideal of having tanned skin-whether this is achieved via natural sun, tanning facilities, or STPs-may continue to pervade which, from a population-based perspective, could in turn lead to even more individuals exposing themselves to UV radiation and running the risk of developing skin cancer.
A third aspect that has often been discussed is that STPs containing sunscreen are only effective in the time shortly following application of the product and not for the duration of the artificial tan, which typically lasts for 5 to 7 days, 6, 25 while STPs without sunscreen offer no protection against UV radiation. 3 When STPs are used, photoaging processes are accelerated and time spent exposed to the sun should be shortened. 12 These results from previous studies show that it is not sufficient to promote STPs, but that a clear explanation regarding the proper use of STPs is also necessary.
| Strengths & Limitations
The NCAM is -to the best of our knowledge -the largest representative study in Europe to focus on tanning bed use, STP use, and related behaviors. We followed the highest survey standards by performing several pilot studies and cognitive interviews, we selected our participants via a complex two-stage selection process, and we provided extensive training for the interviewers. Nevertheless, there are some limitations that have to be considered when interpreting our results.
First, we cannot exclude a participation bias that tanning bed users were more likely to participate than nonusers since the main questions focus on tanning bed use. To reduce this potential bias, we did not include the word "tanning bed" when introducing the interviews, which started with several questions about health behavior in general. Furthermore, our nonresponder analysis did not show significant differences between participants and nonparticipants.
Second, participants may not have been able to correctly recall if they had used STPs. However, the pretests including cognitive interviews show that this potential bias is negligible. Third, we cannot rule out a selection bias. To minimize such a potential bias, we used a random selection of participants based on a two-stage selection process as described in the methods section. This procedure comprised a random selection of telephone numbers including mobile phone numbers (30% of all numbers) to better reach younger individuals who tend to be reachable only on their mobile phones. In addition, we used a weighting factor so that our data are representative for the German population aged 14 to 45 years. Fourth, the cross-sectional design of our study does not allow us to establish causal relationships. Since our main aim was to describe the prevalence of STP use and its associated factors, this potential limitation should only have played a minor role.
| CON CLUS ION
STPs may be a useful alternative for natural and artificial UV radiation, especially for pale-skinned individuals, although the final clarification of their harmlessness still remains open. Nonetheless, we found that those who were STP users were oftentimes also tanning bed users and were often not aware of the potential risks of artificial UV exposure. Therefore, more health campaigns should be created to underline the risks of natural and artificial UV radiation, so that
STPs are used as a substitute and not a supplement. Increased public awareness of the potential medical and cosmetic effects of UV radiation and a long-term change in beauty ideals may lead to a decrease in sunbathing and artificial tanning.
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